Abstract: This article examines entropy generation in the peristaltic transport of nanofluid in a channel with flexible walls. Single walled carbon nanotubes (SWCNT) and multiple walled carbon nanotubes (MWCNT) with water as base fluid are utilized in this study. Mixed convection is also considered in the present analysis. Viscous dissipation effect is present. Moreover, slip conditions are encountered for both velocity and temperature at the boundaries. Analysis is prepared in the presence of long wavelength and small Reynolds number assumptions. Two phase model for nanofluids are employed. Nonlinear system of equations for small Grashof number is solved. Velocity and temperature are examined for different parameters via graphs. Streamlines are also constructed to analyze the trapping. Results show that axial velocity and temperature of the nanofluid decrease when we enhance the nanoparticle volume fraction. Moreover, the wall elastance parameter shows increase in axial velocity and temperature, whereas decrease in both quantities is noticed for damping coefficient. Decrease is notified in Entropy generation and Bejan number for increasing values of nanoparticle volume fraction.
Introduction
Due to ample applications the nanofluids have gained a lot of interest among researchers. The nanofluids consist of particles of nanosize in the base fluid. Base fluids usually utilized for this purpose are kerosene oil, water, ethylene-glycol, etc. The nanoparticles used in the nanofluids are of different types including the metals, metallic oxides, oxides, carbides, carbon nanotubes, etc. The characteristics of the nanofluids highly depend upon the shape, size and material of the nanoparticles. The nanoparticles are efficient for the enhancement of thermal conductivity. Moreover, the shape of the nanoparticles is important. The cylindrical shape nanoparticles are more effective for transfer of heat than the spherical shape. Keeping all these facts in mind, researchers in this field are engaged in different experimental and theoretical works to utilize nanofluids in different applications. Some of these results can be seen through the applications of nanofluids in automobiles as coolant, microelectronics, microchips in computers, food processing, fuel cells, transportation, biomedicine, solid state lightening and manufacturing, etc. The word nanofluid was first coined by Choi [1] . Afterwards, different researchers worked in this field under different aspects. Different models of the effective thermal conductivity, such as Maxwell, Hamilton-Crosser, etc., were used for different types of nanoparticles. One of the models of effective thermal conductivity related to the nanofluids is Xue [2] model. The Xue model is utilized for the cases of single walled solved. The graphs for axial velocity and temperature are plotted against for parameters of interest. Streamlines are plotted for the sake of trapping. Moreover, the graphs of entropy generation and entropy generation numbers versus different pertinent parameters are also plotted and studied.
Flow Modeling
We examined the mixed convective peristaltic transport of an incompressible nanofluid in a channel of width 2d. The channel walls are taken as flexible. Two types of nanofluids namely, SWCNT-water nanofluid and MWCNT-water nanofluid are considered in this analysis. The walls are placed at the position y = ±η where + and − denote the right and left walls, respectively. Both walls are maintained at constant temperature T 0 . The sinusoidal waves propagate along the length of the channel which set the fluid in motion. The waves move with constant speed c, have wavelength λ and amplitude b. Walls geometry (Figure 1 ) is given by: parameters of interest. Streamlines are plotted for the sake of trapping. Moreover, the graphs of entropy generation and entropy generation numbers versus different pertinent parameters are also plotted and studied.
We examined the mixed convective peristaltic transport of an incompressible nanofluid in a channel of width 2 . d The channel walls are taken as flexible. Two types of nanofluids namely, SWCNT-water nanofluid and MWCNT-water nanofluid are considered in this analysis. The walls are placed at the position y = ±η where + and − denote the right and left walls, respectively. Both walls are maintained at constant temperature 0 .
T The sinusoidal waves propagate along the length of the channel which set the fluid in motion. The waves move with constant speed c , have wavelength λ and amplitude . b Walls geometry ( Figure 1 ) is given by:
The governing equations for the considered flow analysis are:
In above equations, p is the pressure, eff μ is the effective viscosity, g is the acceleration due to gravity, eff ρ is the effective density, eff K is the effective thermal conductivity, and ( ) eff C ρ and ( ) eff ρβ are the effective heat capacity and the effective thermal expansion of the nanofluid, respectively. Moreover, u and v define the velocity components in the x and y directions, respectively. Quantities in two phase model are given as [39] [40] [41] :
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In above equations, p is the pressure, µ e f f is the effective viscosity, g is the acceleration due to gravity, ρ e f f is the effective density, K e f f is the effective thermal conductivity, and (ρC) e f f and (ρβ) e f f are the effective heat capacity and the effective thermal expansion of the nanofluid, respectively. Moreover, u and v define the velocity components in the x and y directions, respectively.
Quantities in two phase model are given as [39] [40] [41] : 
The quantities ρ, C and β elucidate the respective density, the specific heat and the thermal expansion coefficients, respectively, whereas subscripts p and f symbolize nanoparticle and fluid, respectively. Here, ϕ represents the volume fraction of nanoparticles used to prepare nanofluids. The viscosity model given in Equation (6) is modified Maron-Pierce model. Here, ϕ m is the maximum packing volume fraction, whereas ϕ a is the effective volume fraction of aggregates given by:
where a a is the effective radii of aggregates, a is radius of nanoparticles and D is fractal index. The fractal index D can depend on the type of aggregation, particle size and shape and shear flow condition. For aggregating nanofluids with nanorods or nanotubes, D varies between 1.5 and 2.45. The previous models (Maxwell, Hamilton-Crosser, etc.) are used only for spherical or rotational elliptical particles with small axial ratio. Xue [2] proposed a theoretical model based on Maxwell theory considering rotational elliptical nanotubes with very large axial ratio. It also describes the properties of space distribution of the CNTs on thermal conductivity.
Numerical values of the thermophysical parameters of base fluid and nanoparticles are mentioned in Table 1 . Table 1 . Thermophysical parameters of water and nanoparticles [42, 43] . The conditions are u ± β 1 S xy = 0, at y = ±η,
−τ
The dimensionless quantities are introduced as:
where Re, Pr, Ec, Br and Gr represent the Reynolds, Prandtl, Eckert, Brinkman and Grashof numbers, respectively. By large wavelength and small Reynolds number one obtains
The dimensionless form of boundary conditions is:
where β and γ are the dimensionless form of slip parameters for velocity and temperature, respectively.
Entropy Generation and Viscous Dissipation
The viscous dissipation effect in dimensional form can be defined as: 
The volumetric entropy generation in dimensional form is given by [40] :
∂T ∂x
The entropy generation in dimensionless form become [40] :
Here, Θ 0 elucidates the reference temperature. Now, we define the Bejan number as: Equation (18) comprises two parts: one part consists of entropy generation because of finite temperature difference (Ns cond ), and the other part comprises of entropy generation due to viscous dissipation effects (Ns visc ).
Solution Methodology
In order to find the solution to the above-mentioned problem, we look for the perturbation method for small Grashof number. The resulting zeroth and first order systems and their solutions are as follows:
Zeroth Order Systems and Solutions
The stream function and temperature statements at this order are
The solutions of stream function and temperature are
First Order Systems and Solutions
Here one has
The solution expressions are 
where C i , F i , B i and G i are constants that can be evaluated through MATHEMATICA 9.0.
Discussion
Here we analyzed the results through graphs. Figure 2 is plotted to analyze the behavior of nanoparticle volume fraction on the velocity. It is seen that velocity is decreasing function of nanoparticle volume fraction in both cases of SWCNT and MWCNT. The reason behind this fact is that the fluid offered more resistance as the nanoparticle volume fraction increases. Moreover, the velocity for MWCNT is greater than the SWCNT. To illustrate the behavior of slip parameter on the velocity profile we sketched Figure 3 . Obviously, the velocity is an increasing function of slip parameter. An increase in slip parameter reduces the friction between the walls and fluid so the velocity profile shows increasing behavior via larger the slip parameter. The velocity profile for the case of MWCNT is larger than for the case of SWCNT. Figure 4 elucidates the impact of Grashof number on the axial velocity profile. The velocity of the nanofluid increases when the Grashof number attains larger values. In fact, viscosity decreases with increasing Gr. This results in increased of velocity. Figure 5 represents the influence of wall parameters on the axial velocity profile. The axial velocity increases in cases of E 1 and E 2 , which are the elastance parameters, whereas it decreases for the case of wall damping parameter E 3 . In fact, an increase in elastance parameters provide flexibility of walls, which causes increase in velocity while damping force provided by wall resists the fluid flow, and, as a result, the velocity decreases. In all cases, the velocity profile for MWCNT is greater than the SWCNT. The results obtained from present study for velocity are found similar qualitatively to the one observed by Akbar et al. [40] . Figure 6 depicts the influence of nanoparticle volume fraction on the temperature profile. The temperature shows decreasing effect when the nanoparticle volume fraction enlarges. An increase in nanoparticles volume fraction enhances the thermal conductivity of the system. As a result the heat transfer rate decreases which result in decay of temperature. It is also noted that the temperature for MWCNT is greater than SWCNT. Figure 7 explains impact of thermal slip parameter on the temperature profile. Enhancement is observed in temperature as the thermal slip parameter attains large value. As we increase the slip parameter the contact of wall and fluid becomes small. Hence causing less heat transfer between wall and fluid results in increase of temperature. To know the influence of Grashof number on the temperature profile Figure 8 is sketched. Increment is noted in temperature when Grashof number is increased. Influence of wall parameters on θ is portrayed through Figure 9 . Same behavior is noticed in case of temperature when compared with velocity. In all cases, the temperature is larger for MWCNT than SWCNT. Figure 6 depicts the influence of nanoparticle volume fraction on the temperature profile. The temperature shows decreasing effect when the nanoparticle volume fraction enlarges. An increase in nanoparticles volume fraction enhances the thermal conductivity of the system. As a result the heat transfer rate decreases which result in decay of temperature. It is also noted that the temperature for MWCNT is greater than SWCNT. Figure 7 explains impact of thermal slip parameter on the temperature profile. Enhancement is observed in temperature as the thermal slip parameter attains large value. As we increase the slip parameter the contact of wall and fluid becomes small. Hence causing less heat transfer between wall and fluid results in increase of temperature. To know the influence of Grashof number on the temperature profile Figure 8 is sketched. Increment is noted in temperature when Grashof number is increased. Influence of wall parameters on θ is portrayed through Figure 9 . Same behavior is noticed in case of temperature when compared with velocity. In all cases, the temperature is larger for MWCNT than SWCNT. Figure 6 
As we increase the slip parameter the contact of wall and fluid becomes small. Hence causing less heat transfer between wall and fluid results in increase of temperature. To know the influence of Grashof number on the temperature profile Figure 8 is sketched. Increment is noted in temperature when Grashof number is increased. Influence of wall parameters on θ is portrayed through Figure 9 . Same behavior is noticed in case of temperature when compared with velocity. In all cases, the temperature is larger for MWCNT than SWCNT. Figure 6 depicts the influence of nanoparticle volume fraction on the temperature profile. The temperature shows decreasing effect when the nanoparticle volume fraction enlarges. An increase in nanoparticles volume fraction enhances the thermal conductivity of the system. As a result the heat transfer rate decreases which result in decay of temperature. It is also noted that the temperature for MWCNT is greater than SWCNT. Figure 7 explains impact of thermal slip parameter on the temperature profile. Enhancement is observed in temperature as the thermal slip parameter attains large value. As we increase the slip parameter the contact of wall and fluid becomes small. Hence causing less heat transfer between wall and fluid results in increase of temperature. To know the influence of Grashof number on the temperature profile Figure 8 is sketched. Increment is noted in temperature when Grashof number is increased. Influence of wall parameters on θ is portrayed through Figure 9 . Same behavior is noticed in case of temperature when compared with velocity. In all cases, the temperature is larger for MWCNT than SWCNT. 
To know the influence of pertinent parameters on the entropy generation, Figures 10-13 are sketched. Figure 10 elucidates the impact of ϕ on the entropy generation. Observations reveal that by enhancing ϕ entropy generation shows decrease. The main reason behind this behavior is the decrease in temperature by increasing nanoparticle volume fraction. As entropy is directly affected by temperature, it also decreases. This is larger for the case of MWCNT than SWCNT. Increment in Ns is observed for enhancement in Grashof number (see Figure 11 ). Temperature is related to average kinetic energy of particles. Therefore temperature enhances for higher values of Gr, hence enhancing entropy generation. By increasing the ratio of Br to Λ , the enhancement in entropy generation is noticed (see Figure 12) . The Brinkman group parameter 1 Br − Λ shows significance of viscous effects and directly related with the viscosity of nanofluid (see Equation (19)). The Brinkman group parameter and square of velocity is directly related. Therefore, increase in the value of parameter causes velocity to accelerate and as a result entropy increases. The same result is shown by Abbas et al. [38] . The wall properties impact on s N is seen from Figure 13 . It is noticed that with increase in 1 E and 2 E , s N increases while it decays for the case of 3 . E For the whole discussion, the values for SWCNT is less than the MWCNT. To know the influence of pertinent parameters on the entropy generation, Figures 10-13 are sketched. Figure 10 elucidates the impact of ϕ on the entropy generation. Observations reveal that by enhancing ϕ entropy generation shows decrease. The main reason behind this behavior is the decrease in temperature by increasing nanoparticle volume fraction. As entropy is directly affected by temperature, it also decreases. This is larger for the case of MWCNT than SWCNT. Increment in Ns is observed for enhancement in Grashof number (see Figure 11) . Temperature is related to average kinetic energy of particles. Therefore temperature enhances for higher values of Gr, hence enhancing entropy generation. By increasing the ratio of Br to Λ, the enhancement in entropy generation is noticed (see Figure 12) . The Brinkman group parameter BrΛ −1 shows significance of viscous effects and directly related with the viscosity of nanofluid (see Equation (19)). The Brinkman group parameter and square of velocity is directly related. Therefore, increase in the value of parameter causes velocity to accelerate and as a result entropy increases. The same result is shown by Abbas et al. [38] . The wall properties impact on N s is seen from Figure 13 . It is noticed that with increase in E 1 and E 2 , N s increases while it decays for the case of E 3 . For the whole discussion, the values for SWCNT is less than the MWCNT. Figure 14 shows the influence of nanoparticle volume fraction on Bejan number. Decrease is noted for Bejan number via enhancing the volume fraction of nanoparticles. Figure 15 depicts the increasing behavior of Grashof number by enhancement in Gr . Via Figure 16 , we have seen that by increasing the ratio of Br to Λ Bejan number increases. The result is similar to the one mentioned in [39] . The wall properties impact on Bejan number is seen from Figure 17 . There is an enhancement in Bejan number for larger 1 E and 2 E while Bejan number decreases for the case of 3 . E Increase in Bejan number while enhancing pertinent parameters show that heat transfer irreversibility is high in comparison to the total irreversibility due to heat transfer and fluid friction. For impact of Bejan number, we plotted Figures 14-17 . Figure 14 shows the influence of nanoparticle volume fraction on Bejan number. Decrease is noted for Bejan number via enhancing the volume fraction of nanoparticles. Figure 15 depicts the increasing behavior of Grashof number by enhancement in Gr. Via Figure 16 , we have seen that by increasing the ratio of Br to Λ Bejan number increases. The result is similar to the one mentioned in [39] . The wall properties impact on Bejan number is seen from Figure 17 . There is an enhancement in Bejan number for larger E 1 and E 2 while Bejan number decreases for the case of E 3 . Increase in Bejan number while enhancing pertinent parameters show that heat transfer irreversibility is high in comparison to the total irreversibility due to heat transfer and fluid friction.
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E while Bejan number decreases for the case of 3 . E Increase in Bejan number while enhancing pertinent parameters show that heat transfer irreversibility is high in comparison to the total irreversibility due to heat transfer and fluid friction. nanoparticle volume fraction on Bejan number. Decrease is noted for Bejan number via enhancing the volume fraction of nanoparticles. Figure 15 depicts the increasing behavior of Grashof number by enhancement in Gr . Via Figure 16 , we have seen that by increasing the ratio of Br to Λ Bejan number increases. The result is similar to the one mentioned in [39] . The wall properties impact on Bejan number is seen from Figure 17 . There is an enhancement in Bejan number for larger 1 E and 2 E while Bejan number decreases for the case of 3 . E Increase in Bejan number while enhancing pertinent parameters show that heat transfer irreversibility is high in comparison to the total irreversibility due to heat transfer and fluid friction. Figure 20 addresses the influence of wall parameter on size of trapped bolus for SWCNT. Results show that the size of trapped bolus increases with respect to 1 E and 2 E , whereas it decreases with respect to 3 . E The same result is seen for MWCNT ( Figure 21 ) but increment is more prominent in SWCNT than MWCNT. 
Conclusions
The present article addresses the mixed convective peristaltic flow of carbon nanotubes with entropy generation. The main observations are mentioned below:
• Velocity profile is greater in magnitude for MWCNT (multi wall carbon nanotubes) than SWCNT (single wall carbon nanotubes).
• Entropy generation is directly related to Brinkman group parameter • Larger values of slip parameters 1 E and 2 E enhance the size of trapped bolus but such size decreases for 3 .
E
• Trapped bolus size is larger for SWCNT than MWCNT.
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Conclusions
•
Entropy generation is directly related to Brinkman group parameter BrΛ −1 .
• Inverse relation exists between Bejan number and ϕ.
• Enhancement in Grashof number Gr and Brinkman group parameter BrΛ −1 causes an increase in Bejan number.
• Larger values of slip parameters E 1 and E 2 enhance the size of trapped bolus but such size decreases for E 3 .
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